Weighted-Codon-Usage Based Phylogeny In Ectocarpales

Introduction:
Algae have grown in importance all over the world. Today they provide nutrition to millions. In this communication we study the family relations amongst an order of brown algae known as Ectocarpales. Brown algae are one of the major seaweeds. We analyse the chloroplastid gene , the large subunit of RuBisCO, to get the codon usage pattern. The score codon-impact-parameter is proposed . In the space of these scores the distance metric is defined and then used to estimate relations amongst Ectocarpales. (Morton, 1993 (Morton, , 1996 have led to the assumption that change in codon usage is infrequent and unlikely for this gene.
Among the eukaryotic algae three major groups are recognized on the basis of photosynthetic pigmentation, viz Chlorophyta , Rhodophyta and Chromophyta . The Chromophyta is further subdivided into many small lineages.
The brown algae or Phaeophyceae belong to this group. Ectocarpales are the most examined order within Phaeophyceae . RbcL has been studied widely for algae (Hommersand et al , 1994; Mc Court et al, 1995 ; Bailey and Freshwater, 1997 ; Daugberg and Anderson, 1997 ; Nozaki et al, 1997; Bailey et al 1998 ; Siemer et al 1998 ; Kogame et al, 1999; Hanyuda et al, 2000 ; Daugbjerg and Guilluo, 2000 ) .Ectocarpales have been chosen because of their simple structure ( Vanden Hoek et al, 1995 ) . The cells of this family often have discoid chloroplast; the chlorophyll (a, c 1, c 2 ) is masked by other fucoxanthin pigment. The earlier classification of the Phaeophyceae was based on thallus construction, mode of growth and type of life history. In the early studies (Kylin, 1933; Vanden Hoek and Flinterman, 1968; Henry, 1984) the following orders were recognized in Phaeophyceae (i) Ascoseirales ( 1 family) , (ii) Cutleriales ( 1 family) , (iii)
Desmarestiales ( A clustering approach to brown algal classification using morphology, reproduction and ecological characters (Russell and Fletcher, 1975) was done earlier with 132 species. The significant outcome of this study was the suggestion to merge Chordariales , Dictyosiphonales and Tilopteridales and Scytosiphonales into Ectocarpales Sensu lato . Cytological characters , such as plastid structure, also play a major role for better understanding of the systematics of brown algae (Peters and Clayton, 1998; Muller et al, 1998) . Molecular phylogenies of the morphologically simple brown algae based on nuclear r-DNA sequences indicate that the taxa with predunculated pyrenoids form the monophyletic group the "Ectocarpales" ( Rousseau and De Reviers, 1999) .
Phylogenetic Relations (PR) based on molecular analysis in Chromophyta ( Bhattacharya et al, 1992; Leipe et al, 1994; Bhattacharya and Medlin, 1995; Medlin et al, 1997; Ben Ali et al, 2001; Draisma et al, 2001 ) have involved RuBisCO as well as 18s and 26s r-DNA. In recent years the molecular evidences using ribosomal genes and RuBisCO have divided Ectocarpales into five families namely, Chordariaceae , Actinetosporaceae , Adenocystaceae , Ectocarpaceae and
Sytosiphonaceae
We study the codon-usage data of the large subunit of RuBisCO to define the Codon-Impact-Parameter (CIP). From the z-score of test statistic in the space of the CIP we identify with high confidence the most significant codons, the Impact Codons (IC). We find , these IC provide a sufficiently sensitive measure to explore phylogenetic relations, PR. We classify the relatively homogeneous order, Ectocarpales, belonging to brown algae (Phaeophyceae) phylum using the CIP scores of IC of RbcL. Using the standard pair group average analysis and the city block distance analysis we obtain PR among 47 Ectocarpales.
Methods:
Let PQR denote the codon. P is the nucleotide at the first codon position, Q the nucleotide in the second and R in the third. P, Q and R could be any of the four nucleotides A, C, G, T. The frequency, F PQR , is given by
Where PQR n is the number of occurrences of the codon PQR. The index α is the amino acid index going from 1 to 20, and the symbol s refers to synonymous codons. The sum over s goes from 1 to K α , where K α is the number of synonymous codons of the α th amino acid. Thus X α, s is the number of occurrence of the sth synonymous codon of the α th amino acid.
The distribution of the nucleotides over the three-codon positions is different. The CIP score takes that into account. We define the CIP score of the codon PQR as: 
Where the sum runs over all IC. The tree is generated by UPGMA method using arithmetic averages and city-block (Manhattan) distance analysis.
Discussions and Results :
The objective of the present study is to evaluate the codon usage of RbcL gene of Ectocarpales and reinvestigate PR within them to reassess the recently conceived family relations. For Ectocarpales about 47 RbcL sequences are available. These are chosen from GenBank and are denoted as C 1 , C 2, …. C 47 .
( Table 1) For calculating the codon usage it is observed that some codons appear more often than expected from the underlying nucleotide composition of the gene.
There are others that appear as expected and then there are others with lower than expected frequency (Ikemura, 1981 (Ikemura, , 1985 Gour and Gautier, 1982; Bennetzen and Hall, 1982) .The 'codon preference bias' proposed by Mclachlan et al (1984 ) quantify the degree of bias in codon usage and assess the relative merits of different codon from the viewpoint of translational efficiency. The 'Codon bias index' of Bennetzen and Hall (1982) calculate the frequency of optimal codons in a gene. Gribskov et al (1984) proposed another index the 'codon preference statistics' based on the ratio of the likelihood of finding a particular codon in a highly expressed gene to the likelihood of finding the codon in a random sequence with the same base composition.
Every model has its own applicative advantage over others. We feel that CIP score of a codon of a gene , as defined above, contain somewhat more quantitative information because it considers codon usage as well as the base compositional bias .We quantify the degree of codon bias in such a way that comparisons can be made both within and between species. Our approach to this problem is to define a measure for assessing the degree of relative abundance of a We focus here on the distance method for tree building. Both the neighbour joining and UPGMA method use the distance-based algorithms but neighbour joining, unlike UPGMA, produces unrooted trees. The distance-based algorithms of tree building begin with a set of distances between each pair of sequences in a given dataset. There are many different ways of defining distance :
Euclidean distance, City-Block distance, Chebychev distance, Power distance etc.
. (Table: 2) . Using the un-weighted pair group average analysis and the city block (Manhattan) distance analysis we obtain the PR amongst the 47 samples. We compare these with the presently conjectured relations ( Draisma et al, 2002) . Interestingly, we find the matrices of CIP scores of just the IC largely reproduce the classification for the Ectocarpales . The few differences that we have are discussed.
The RbcL gene in all 47 cases is of length 1467 bp . Table 2 gives the CIP scores (Eqn 2) for the impact codons of RbcL. The z-score (Eqn 3) of the CIPscore-sample-statistic is significant; the null hypothesis rejected at 0.01 levels and IC are obtained. Thus at the 99% level of confidence ( Table 3 ) The Delamerea, Dictyosiphon, Punctaria and Coleocladia (C 1 , C 2 , C 6 and C 9 ) clade is highly supported in all analysis (Fig 1,2,3 ). It is noted that both Delamereae and Punctaria have hecatonematoid microthalli and true
Phaeophycean hairs with basal sheaths. Our study suggests that Delamereaceae is closely related to Punctariaceae (Siemer et al, 1998) along with Dictyosiphonaceae and Coleocladiaceae. Consensus bootstrap tree supports our data that C 1 , C 2 and C 6 are closely clustered , but diverge for C 9 . This divergence is noticeable for Dictyosiphonaceae in Figure 5 . One reason is that the whole set of RbCL genes of Ectocarpales were not available earlier (Draisma et al (2002) Phylogenetic analysis of 47 Ectocarpales species. The tree drawn according to Unweighted pair group method using arithmetic mean (UPGMA) and city-block (Manhattan) distance analysis at 0.01 level of significance. 12 codons have been used. He c a to n e ma s p Pu n c ta r ia p la n ta g in e a
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